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SUITABILITY OF PONDS FORMED BY STRIP MINING
IN EASTERN OKLAHOMA FOR PUBLIC WATER
SUPPLY, AQUATIC LIFE, WATERFOWL HABITAT,
LIVESTOCK WATERING, IRRIGATION, AND

RECREATION

By Renee S. Parkhurst

Abstract

A study of coal ponds formed by strip min-
ing in eastern Oklahoma included 25 ponds
formed by strip mining from the Croweburg,
McAlester, and Iron Post coal seams and 6 non-
coal-mine ponds in the coal-mining area. Water-
quality samples were collected in the spring and
summer of 1985 to determine the suitability of the
ponds for public water supply, aquatic life, water-
fowl habitat, livestock watering, irrigation, and
recreation. The rationale for water-quality crite-
ria and the criteria used for each proposed use are
discussed. The ponds were grouped by the coal
seam mined or as non-coal-mine ponds, and the
number of ponds from each group containing wa-
ter that exceeded a given criterion is noted.

Water in many of the ponds can be used for
public water supplies if other sources are not
available. Water in most of these ponds exceeds
one or more secondary standards, but meets all pri-
mary standards. Water samples from the epilim-
nion (shallow strata as determined by temperature)
of six ponds exceeded one or more primary stan-
dards, which are criteria protective of human
health. Water samples from five of eight Iron Post
ponds exceeded the selenium criterion. Water
samples from all 31 ponds exceeded one or more
secondary standards, which are criteria for the pro-
tection of human welfare. The criteria most often
exceeded were iron, manganese, dissolved solids,
and sulfate, which are secondary standards. The
criteria for iron and manganese were exceeded
more frequently in the non-coal-mine ponds,
whereas ponds formed by strip mining were more

likely to exceed the criteria for dissolved solids
and sulfate.

The ponds are marginally suited for aquatic
life. Water samples from the epilimnion of 18
ponds exceeded criteria protective of aquatic life.
The criteria for mercury and iron were exceeded
most often. Little difference was detected between
mine ponds and non-coal-mine ponds. Dissolved
oxygen concentrations in the hypolimnion (deep-
est strata) of all the ponds were less than the mini-
mum criterion during the summer. This decreases
available fish habitat and affects the type and num-
ber of benthic invertebrates.

The ponds are generally well suited for use
by wintering and migrating waterfowl. Thirteen
of the ponds contained water that exceeded the pH,
alkalinity, and selenium criteria. The non-coal-
mine ponds had the largest percentage of ponds
exceeding pH and alkalinity criteria. Water sam-
ples from five of eight Iron Post ponds exceeded
the selenium criterion. All ponds are generally un-
suitable as waterfowl habitat during the summer
because of high temperatures and low dissolved
oxygen.

Most of the ponds are well suited for live-
stock watering. Water samples from the epilim-
nion of 29 ponds met all chemical and physical
criteria. Water samples from five ponds exceeded
the criteria in the hypolimnion. Mine ponds ex-
ceeded chemical and physical criteria more often
than non-coal-mine ponds. All the ponds con-
tained phytoplankton species potentially toxic to
livestock.

Water from most of the ponds is marginally
suitable for irrigation of sensitive crops, but is
more suitable for irrigation of semitolerant and tol-
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erant crops. Most major cash crops grown in east-
ern Oklahoma are semitolerant and tolerant crops.
Water from the epilimnion of 14 ponds was suit-
able for irrigation under almost all conditions.
Water from the epilimnion of 20 ponds was suit-
able for irrigation of semitolerant crops, and water
from the epilimnion of 25 ponds is suitable for ir-
rigation of tolerant crops. The dissolved solids cri-
terion was exceeded the most often.

Most of the ponds would not be suitable for
swimming. The pH criterion was exceeded in 17
ponds and turbidity restricts visibility needed for
diving in 23 ponds. Little difference was detected
between mine ponds and non-coal-mine ponds.
Many of the ponds formed by strip mining have
steep banks that may be dangerous to swimmers.

INTRODUCTION

The objectives of this study are (1) to describe
the limnological characteristics of ponds formed by
strip mining and other ponds not associated with min-
ing and (2) to develop an understanding of hydrologic,
chemical, and biological processes occurring within
the ponds and interrelationships between the ponds.
Ponds were selected to determine if the characteristics
are significantly different between ponds from differ-
ent coal seams.

Identified coal resources are present in an area

of approximately 8,000 mi? in eastern Oklahoma (fig.
1). Mining began in 1872 and early production was
from underground mines. Strip mining became more
advantageous with the development of large power
equipment (Johnson, 1974). By 1944, 50 percent of an-
nual production was from strip mines, and by 1964
strip mines produced 99 percent of Oklahoma’s coal.
In 1986, 2,969,523 tons of coal were produced from
surface mines compared to 6,751 tons of coal produced
from underground mines, with 7.9 billion short tons of
coal remaining (Oklahoma Department of Mines,
1987).

Ponds formed by strip mining occupy an esti-
mated area of 5,400 acres (Marcher and others, 1984
and 1987) and with an estimated average depth of 17 ft,
the total amount of water stored in the ponds is approx-
imately 91,800 acre-ft. A few of the ponds are used for
public water supplies, stock watering, irrigation, and
recreation, and many provide habitat for aquatic life.

A surface-mining operation involves digging a
long, open trench through the overburden to expose
and remove the coal. As each succeeding parallel cut
is made, the overburden is placed as spoil material into
the cut previously excavated. Successive cuts are
mined until the overburden thickness becomes so great
that the coal can no longer be mined economically. The
final cut leaves an open trench bounded by the last spoil
bank on one side and the highwall on the other. This
trench may fill with water from precipitation, surface-
water inflow, and ground-water seepage, and forms a
last-cut pond. These ponds are generally long, narrow,
and deep. Many of the last-cut ponds have arms or in-
lets created by inclined haul roads. These arms of a
last-cut pond are shallow at one end and become deeper
toward the main pond.

Prior to passage of Oklahoma’s Open Cut Land
Reclamation Act (effective January 1, 1968) and Min-
ing Lands Reclamation Act of June 1971, most mined
lands were left looking like a large washboard. Be-
tween 1968 and 1977 land strip-mined for coal was left
partially reclaimed. The Surface Mining Control and
Reclamation Act was signed into law in August, 1977.
In areas strip mined after August 1977, ridges of spoil
are graded, topsoil is replaced, the area is revegetated
and high walls are graded. Some areas mined after Au-
gust 1977 were not reclaimed because of financial and
legal difficulties.

This trench may fill with water from precipita-
tion, surface-water inflow, and ground-water seepage,
and forms alast-cut pond. These ponds are generally
long, narrow, and deep. Many of the last-cut ponds
have arms or inlets created by inclined haul roads.
These arms of a last-cut pond are shallow at one end
and become deeper toward the main pond. Prior to pas-
sage of Oklahoma’s Open Cut Land Reclamation Act
(e in August, 1977. In areas strip mined after August
1977, ridges of spoil are graded, topsoil is replaced, the
area is revegetated and high walls are graded. Some ar-
eas mined after August 1977 were not reclaimed be-
cause of financial and legal difficulties.

Purpose and Scope

This report describes the limnological character-
istics of the ponds formed by strip mining and com-
pares concentrations of selected inorganic constituents,
nutrients, and biological species with water-quality cri-
teria for public water supply, aquatic life, waterfowl
habitat, livestock watering, irrigation, and recreation.
Because often the usefulness of a pond is relative, oth-
er nearby ponds not associated with mining were also
sampled. Many dissolved or suspended substances in

2 Suitability of Eastern Oklahoma Ponds Formed by Strip Mining for Use
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water may be detrimental to a particular use. These
substances include some inorganic elements and com-
pounds, certain man-made organic compounds, patho-
genic and parasitic organisms, herbicide and pesticide
residues, some biologically produced toxins, and radi-
onuclides (National Academy of Sciences and National
Academy of Engineering, 1973). This study reports on
the constituents that are related to the construction of
the pond and not those constituents that may have been
caused by other human activities.

The U.S. Geological Survey, in cooperation
with the Oklahoma Geological Survey, collected wa-
ter-quality data from 25 ponds associated with strip
mining and 6 ponds from the same area that were not
associated with strip mining. The ponds formed by
strip mining will be referred to by the name of the coal
seam from which the majority of the coal was mined.
The ponds are located in northeast and east-central
Oklahoma (fig. 1). Water-quality data were collected in
the spring and summer of 1985. Twenty-three of the
ponds formed by strip mining are last-cut ponds. Ten
of these have highwalls and spoil ridges, six have high-
walls with graded spoil, and seven have no highwall or
spoil ridges. The remaining two ponds formed by strip
mining are catchment-basin ponds or sedimentation
ponds, created to catch runoff. These tend to be smaller
and shallower, and look more like farm ponds. Both
ponds were created on or near land mined for Iron Post
coal.

The six ponds which were not created by strip
mining are used as an experimental control, and will be
referred to as control ponds. The control ponds include
a limestone quarry, a sandstone quarry, an excavated
farm pond with no inlet or outlet, and three farm ponds
with spillways. The area near the spillways in the farm
ponds was deepened by excavation and the opposite
ends have intermittent streams as inlets. All six control
ponds vary in shape and size.

Acknowiedgments
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to ponds. The University of lowa Hygienics Lab ana-
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Stratigraphy of the Study Area

The bituminous coal deposits of eastern Oklaho-
ma are in the southern part of the Western Interior Coal
Basin (Averitt, 1975) (fig. 2). The coals in east-central
Oklahoma are in an eroded structural and depositional
basin called the Arkoma Basin (fig. 3). The basin con-
tains the upper and lower Hartshomne, upper and lower
McAlester (Stigler), upper and lower Cavanal, Lower
Witteville, and Secor coals, all of Middle Pennsylva-
nian age. The northeastern part of the coal field is a
depositional shelf referred to as the Northeast Oklaho-
ma Shelf and contains more limestone than the coal-
bearing rocks of the Arkoma basin. The shelf contains
the Rowe, Drywood, Secor, Blue Jacket, Weir-Pitts-
burg, Mineral, Fleming, Croweburg, Bevier, and Iron
Post coals of Middle Pennsylvanian age, and the Lex-
ington, Jenks, and Dawson coals of Middle and Late
Pennsylvanian age. Most of the shelf coals are suitable
as fuel for electricity generation, and many of the coals
of the basin area are suitable for coke manufacture
(Friedman, 1974). The strip-mine ponds included in
this study are associated with the Croweburg, Iron Post,
and McAlester (Stigler) coal seams. Locations of the
strip-mine pond and the control ponds are shown in fig-
ure 3. A generalized geologic column showing strati-
graphic position of the coal scams is shown in figure 4.

The Croweburg coal, in the Northeast Oklaho-
ma Shelf, has the lowest sulfur content of any coal in
the shelf area, with 0.4 to 3.5 percent sulfur, averaging
1.9 percent. The coal seam is 0.2 to 3.4 feet thick. The
40 to 75 feet overburden consists of a thin black shale,
athick gray shale, a thick limestone and shale unit, and
in some areas a sandstone unit (Friedman, 1974). The
ponds created by mining Croweburg coal are referred
to as Croweburg ponds 1 through 8.

The Iron Post coal is found mostly on hilltops in
northeast Oklahoma and is 0.3 to 1.4 feet thick. The
sulfur content is 3.5 to 5.0 percent, averaging 4.0 per-
cent. The overburden consists of shale that contains
pyrite and hard nodules, dense limestone, and dark gray
shale. Because of the dense overburden, explosives are
used in the mining process. The many limestone boul-
ders created by blasting make reclamation difficuit
(Friedman, 1974). The ponds created by mining Iron
Post coal are referred to as Iron Post ponds 1 through 8.

The McAlester (Stigler) coal is located in the
Arkoma Basin and in some places is split into two sep-
arate coal beds (Friedman, 1978). The coal seam is
from 0.1 to 5.0 feet thick. It contains 0.4 to 5.2 percent
sulfur and averages 1.5 percent. The overburden con-
sists of marine clay shales and lenticular sandstones
(Karvelot, 1973). Contour mining is practiced in this
area, therefore, the mined areas tend to be long and

4 Suitability of Eastern Oklahoma Ponds Formed by Strip Mining for Use
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thin. The ponds created by mining for McAlester (Sti-
gler) coal are referred to as McAlester ponds 1 through
9.

Limnology of Ponds

Limnology is the study of lakes, streams, and
ponds. Limnology has specialized terminology.
Terms used in this report are defined below. Ponds and
lakes have a number of zones or regions, each with its
own physical and biological characteristics. The zones
are defined by light penetration and temperature. Both
the open water area and the bottom of the pond have re-
gions with different characteristics. The areal extent of
the different zones and the ratio of the area of one type
of zone to the area of another may affect the biological
and chemical characteristics of a pond.

The upper part of the pond where light pene-
trates is called the euphotic or photic zone (fig. 5). Pho-
tosynthesis occurs in this zone and the majority of the
plankton live here. Below the euphotic zone is the aph-
otic zone where light cannot penetrate. Some shallow
ponds do not have an aphotic zone (Goldman and
Home, 1983).

Ponds that thermally stratify or layer are subdi-
vided into zones defined by temperature and dissolved-
oxygen content. The upper zone is called the epilim-
nion, and is characterized by warm temperatures and
large dissolved-oxygen content. Most of the plankton
in a pond are within the epilimnion. This zone is sub-
ject to mixing by winds and is within the photic zone.
Below this is a thin zone called the metalimnion or
thermocline where temperature and dissolved oxygen
decreases abruptly. It is often a barrier for wind mixing
and for free-floating plankton. The deepest zone is the
hypolimnion. Light cannot penetrate this zone and, be-
cause of the thermocline, the water does not mix with
water from the upper zones. Therefore, the tempera-
ture is much lower and the oxygen content becomes de-
pleted (Goldman and Home, 1983). Ponds in
Oklahoma that stratify tend to be monomictic; that is,
they mix or tum over in the fall and remain mixed until
the spring when warm weather causes stratification.

The bottom of a pond is called the benthic re-
gion. This region often has three distinct zones, the lit-
toral, sublittoral, and profundal. The littoral zone
extends from the shore to a depth where the light is
barely sufficient for rooted aquatic plants to grow. The
biologic community in this zone tends to have a higher
diversity and higher annual production than the other
benthic zones. The sublittoral zone is the zone beyond
the littoral zone. It lacks rooted plants, but still is well
oxygenated. The biologic community is less diverse

because the available habitat is less diverse. The zone
where light does not reach is the profundal zone. The
temperature is nearly constant and under certain cir-
cumstances the dissolved oxygen content becomes de-
pleted and methane and carbon dioxide are abundant.
The sediments are usually fine and the biologic com-
munity is less abundant and less diverse (Cole, 1975).

Productivity is a term often used in limnology
and refers to the sum total of energy-trapping process-
es, comprising all the photosynthetic and chemosyn-
thetic processes in the system (Reid and Wood, 1976).
There are several indices of productivity, including
rooted submerged vegetation, plankton, benthic fauna,
organic content, chlorophyll content (Welch, 1952),
and oxygen deficit (Cole, 1975).

Organisms living in a pond also have special-
ized terms. The term plankton refers to all microscopic
floating or swimming organisms. Phytoplankton are
floating plants better known as algae. The zooplankton
are floating invertebrates. Zooplankton are much more
motile than the phytoplankton and graze on phy-
toplankton orother zooplankton. Animals living on the
bottom or in the bottom sediments are benthos or, more
specifically, benthic invertebrates.

METHODS

Site Selection

The ponds formed by strip mining were selected
to be representative of ponds formed by strip mining in
Oklahoma. To meet the objective of comparing ponds
from different coal seams, ponds from three coal seams
were selected to be representative of ponds formed by
strip mining from all the coal seams in Oklahoma.
Coal seams with the largest amount of area mined were
used. The ponds formed by strip mining were chosen
using a stratified random selection method. All known
ponds from the three coal seams were identified using
maps by Johnson (1974) and Friedman (1982). The
ponds were numbered and a random numbers table was
used to select six ponds from each coal seam. Field re-
connaissance was conducted and if the pond selected
was found to be inaccessible, or to be unsuitable be-
cause of draining, dumping of garbage, or influence
from a nearby stream, the nearest suitable pond was
used.

The 18 ponds selected by the above method
were all excavated before 1972. To incorporate newly
excavated ponds into the study a different method of
selection was used. Two recently excavated ponds

8 Suitability of Eastern Oklahoma Ponds Formed by Strip Mining for Use
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were selected for each coal seam using U.S. Agricultur-
al Stabilization and Conservation Service aerial photo-
graphs provided by county Soil Conservation offices.
To decrease selection bias caused by personal prefer-
ences, the first ponds found in the photographs and ver-
ified in the field were used.

The six control ponds also were selected using
aerial photographs. The control ponds had to meet
several criteria including location, size and depth, and
amount of inflow. The ponds had to be located in the
coal-mining region but not receive water from mined
land. The control ponds had to be similar to ponds
formed by strip mining in size and depth. A criterion
for selecting a control pond was that the pond have lit-
tle or no surface inflow. The influence of stream biol-
ogy on the biology of the ponds was minimized by this
stipulation. Most of the ponds formed by strip mining
are closed ponds, and those with inlets receive only in-
termittent inflow.

An additional McAlester mine pond (McAlester
Pond 6), excavated before the Surface Mining Control
and Reclamation Act act of 1977, was selected to com-
pare with a mine pond 2 miles away (McAlester Pond
5), which was excavated soon after implementation of
the reclamation act.

Data Coiiection and Anaiysis

The 26 ponds formed by strip mining and 6 con-
trol ponds were sampled in the spring and summer of
1985, because of possible differences in water quality
between the seasons. During the spring the water level
is usually at its maximum and the water diluted by
spring rains. During the summer, the ponds usually
stratify and the bottom becomes anoxic, releasing trace
elements and sulfides. The water levels are low and
constituent concentrations are larger. Both spring and
summer samples were analyzed for major dissolved
chemical constituents and dissolved and total recover-
able phases of trace elements. Dissolved constituents
are defined as particles passing through a 0.45 micron
(um) filter. Total recoverable constituents are those
constituents in solution after acidic digestion and in-
clude all readily soluble substances attached to sedi-
ment particles. Samples collected in the summer also
were analyzed for plant nutrients, chlorophyll, phy-
toplankton, and benthic invertebrates.

Three to five vertical profiles were measured in
each pond during each sampling trip. Temperature,
pH, dissolved oxygen, and specific conductance were
measured at 1 to 5 foot intervals, depending on the total
depth, using a multi-parameter meter. A Secchi disk

was used to measure the relative transparency of the
ponds. A Secchi disk is a black and white disk, 20 cen-
timeters in diameter, that is lowered into the pond until
it disappears from sight and then raised slowly until it
reappears. The arithmetic mean of the distance at
which the disk disappears and reappears is the Secchi-
disk depth. This depth is not an actual measure of light
penetration, but is a relative index of visibility and is
useful in making comparisons (Reid and Wood, 1976).

A water sample was collected at mid depth on
ponds that were not thermally stratified and where the
specific conductance did not vary with depth by more
than 25 percent. On ponds where the specific conduc-
tance changed by more than 25 percent, two samples
were collected, one near the surface and one near the
bottom. A horizontal polyvinylchloride (PVC) water
sampler was used to collect the water sample. Alkalin-
ity was analyzed on site by titrating the sample with a
standard solution of 0.01639 Normal sulfuric acid to an
inflection point. Samples for analysis of the remaining
chemical constituents were pretreated following meth-
ods of the U.S. Geological Survey (Brown and others,
1970), and were analyzed at the Oklahoma Geological
Survey laboratory in Norman, Oklahoma, using meth-
ods described by Skougstad and others (1979).

Dissolved-solids concentrations were deter-
mined from the weight of the dry residue remaining af-
ter evaporation of an aliquot of the water sample and
calculated by summing major dissolved constituents.
Specific conductance, which can be measured easily in
the field, was used in the vertical profiles as a surrogate
measure of dissolved solids. Total dissolved solids
concentrations can be estimated from specific conduc-
tance.

Phytoplankton and chlorophyll samples were
collected using a horizontal PVC water sampler at each
site on the pond. A sample was collected at the point
of largest oxygen concentration. This point often indi-
cates an area of large algal productivity. A liter sample
was preserved with Lugol’s solution and sent to a pri-
vate laboratory for identification of phytoplankton gen-
era. Water samples to be analyzed for chlorophyll were
filtered through a 0.45 pm-pore-size glass filter and
frozen. As much of a 1.5-liter sample was filtered as
possible before the filter clogged. The filtered sample
was frozen and sent to private laboratory for analysis of
chlorophyll A, B, and C using methods described in
Standard Methods for the Examination of Water and
Wastewater (American Public Health Association and
others, 1985). Results of analysis for chlorophyll A, B,
and C are given in table 1 (at back of report).

Benthic invertebrate samples were collected us-
ing a Ponar grab sampler with a sampling area of 36 in?.
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The Ponar samples for each pond were composited.
The benthic invertebrates collected by the Ponar sam-
pler were used to estimate the number of organisms per
m? found on the bottom of the pond. A large compo-
nent of the benthic population can be found near the
shore. However, a Ponar sampler could not be used
near the shore because of interference from rooted
plants. A dip net was used to sample this area. A dip-
net sample is a qualitative sample and does not allow
for comparison of populations. The invertebrates col-
lected using the dip net were listed only as being
present. The data from the dip net sample were used to
estimate the number of benthic invertebrate genera
found in the pond. Both Ponar and dip-net samples
were washed using a 520-um-mesh wash frame, and
preserved with formaldehyde. The samples were ana-
lyzed by a private laboratory.

RATIONALE FOR WATER-QUALITY
CRITERIA

Water-quality criteria are recommended values
for concentrations of constituents that, if not exceeded,
are expected to result in an aquatic ecosystem suitable
for a particular use. Criteria are not rules or regula-
tions, and in this report are intended as guidelines only.
The criteria recommended by the U.S. Environmental
Protection Agency (EPA) were used where available.
Where no criteria were listed by the EPA, other sources
were used. Water-quality variables used as criteria dif-
fer for each water-use category.

Water-quality standards, which differ from cri-
teria, exist for public water supplies and for the protec-
tion of aquatic life. These standards are regulations set
by either the EPA or state regulatory agencies. In Okla-
homa, the state agency responsible for establishing wa-
ter-quality standards is the Oklahoma Water Resources
Board. Where appropriate, the water-quality standards
are used as criteria.

Secchi-disk Depth

All natural waters contain matter in either dis-
solved or suspended-particulate form. Although both
forms can impart color to water, the suspended-partic-
ulate form has the greatest effect on water clarity (Wet-
zel, 1975). Suspended particulates may be either
plankton or suspended sediments. The quantity of sus-
pended-particulate matter can be estimated by the Sec-
chi-disk depth. The Secchi-disk depth of eutrophic and
muddy ponds ranges from 0 to 2 m, but may be as great

as 40 m in highly oligotrophic ponds or the open ocean
(Goldman and Horne, 1983).

As a matter of safety, a criterion for clarity of
water for swimming is a Secchi-disk depth of 1.22 m or
48 inches. This value is more critical in areas where
people might be diving (National Technical Advisory
Committee to the Secretary of the Interior, 1968).

pH

An important factor in the chemical and biolog-
ical processes of natural waters is pH. The abbrevia-
tion “pH” represents the negative base-10 log of the
hydrogen-ion activity in moles per liter (Hem, 1985).
The larger the concentration of hydrogen ions, the
smaller the pH value. Large or small concentrations of
hydrogen ions may adversely affect water for one or
more uses. The hydrogen ion can be a pollutant by it-
self, but often controls the concentration of other sub-
stances (McKee and Wolf, 1963). The degree of
disassociation of weak acids or bases is affected by
changes in pH. The toxicity of many compounds is af-
fected by the degree of disassociation. The solubility
of metal compounds contained in bottom sediments or
as suspended material is affected by pH (U.S. Environ-
mental Protection Agency, 1986a).

The pH of public water supplies affects taste,
corrosiveness, and the efficiency of chlorination and
other treatment processes. The EPA (1986¢) has sug-
gested a pH range of 6.5 to 8.5 as a secondary standard
for public water supplies.

Many physiological processes in fish are affect-
ed by low pH. The toxic effect of low pH differs
among species, populations, and age groups of the
same species. Low pH could increase susceptibility to
disease, increase the chance of genetic damage, change
predator-prey relationships, degrade habitat, decrease
productivity, and increase the availability of toxic sub-
stances (Fritz, 1980). High pH also may be detrimen-
tal. The toxicity of ammonia increases as pH increases.
A pH range of 6.5 t0 9.0 has been set as the criterion for
the protection of fish and other aquatic organisms (U.S.
Environmental Protection Agency, 1986a).

The pH of water will have an indirect effect on
waterfowl. The growth of aquatic plants used by wa-
terfowl for food and cover is adversely affected by ei-
ther alow or high pH. The pH criterion for waterfowl
is 7.01t0 9.2, based on values at which submersed aquat-
ic plants thrive (National Technical Advisory Commit-
tee to the Secretary of the Interior, 1968; Ferreira and
Lambing, 1984). Aquatic invertebrates which may be
used as food by some waterfowl also are affected by the
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pH of the water. The pH criterion for aquatic life is 6.5
t0 9.0.

The pH of irrigation water is important in some
situations. Soils generally have a large buffering ca-
pacity and the pH of the water applied is changed to
that of the soil. However, in acid soils, metallic ions
such as iron, manganese, and aluminum may be dis-
solved, resulting in concentrations in the water that are
toxic to plants. Under alkaline conditions, sodium car-
bonates and bicarbonates may be dangerously toxic.
To avoid these undesirable effects, the pH of irrigation
water should not exceed a pH range 0f4.5 10 9.0 (U.S.
Environmental Protection Agency, 1986a).

The pH of the water also may affect swimmers.
Documentation shows that water having extreme pH
values may cause increased eye irritation. The lacrimal
fluid of the human eye has a normal pH of 7.4. Al-
though lacrimal fluid is strongly buffered, once buffer-
ing capacity is exhausted during swimming, eye
irritation may result and lead to infection. In waters
with pH values ranging from 6.5 to 8.3, the buffering
capacity of tears will prevent irritation. If the water is
relatively free of dissolved solids and has a low alkalin-
ity, pH values from 5.0 to 9.0 may be acceptable to
most swimmers. (National Academy of Sciences and
National Academy of Engineering, 1973). In this re-
port, a pH range of 6.5 to 8.3 is used as the criterion for
recreational use.

Water Temperature

Water temperature affects the rate of both chem-
ical and biological processes. The toxicity of a given
substance will generally increase with increased tem-
perature, and organisms subjected to stress from toxic
materials are less tolerant to temperature extremes. In-
creased temperatures accelerate the biodegradation of
organic material both in the water column and in bot-
tom deposits, thus increasing demands on the dissolved
oxygen resources of a pond. Temperature affects the
amount of available dissolved oxygen in water, be-
cause the solubility of oxygen in water is inversely pro-
portional to temperature. Temperature also affects the
rate at which fish utilize oxygen. The lower the tem-
perature, the less oxygen required (U.S. Environmental
Protection Agency, 1986a).

Because aquatic organisms are poikilothermic
or “‘cold-blooded”, the temperature of the water regu-
lates their metabolism and ability to survive and repro-
duce effectively. Temperature also affects respiration,
behavior, distribution and migration, feeding rate, and
growth of aquatic organisms. Elevated temperatures
affect benthic invertebrates, periphyton, and fish, and

may cause shifts in algal predominance. The number

and distribution of bottom organisms decrease as water
temperatures increase. The upper tolerance limit for a
balanced benthic population structure is approximately
32°C (U.S. Environmental Protection Agency, 1986a).

The effect of temperature on fish varies with the
species. Reproduction and survival of embryos is the
most temperature sensitive of all life functions.
Growth is the next most sensitive. Table 2 lists the val-
ues formaximum weekly average temperatures needed

Table 2. Values for maximum weekly average temperatures
for growth and short-term maximum temperature for survival
of juvenile and adult fish species, in degrees Celsius

[--, no data available; modified from U.S. Environmental Protection Agen-
cy (1986a))

Species Growth Survival
Black crappie 27 -
Bluegill 32 35
Channel catfish 32 35
Emerald shiner 30 --
Largemouth bass 32 34
White crappie 28 -
Yellow perch 29 -
Average 30 35

for growth and the short-term maximum for survival of
juvenile and adult fish species. Maximum tolerable
temperatures for spawning and embryo survival are
given in table 3. The average of the maximum average

Table 3. Values for maximum weekly average temperatures
for spawning and short-term maximum temperature for

embryo survival, in degrees Celsius
[Modified from McKee and Wolf (1963) and U.S. Environmental Protec-

tion Agency (1986a)]

Species Spawning Embryo survival
Black crappie 17 20
Bluegill 25 34
Channel catfish 27 29
Emerald shiner 24 28
Largemouth bass 21 27
Striped bass 18 24
White crappie 18 23
Yellow perch 12 20
Average 20 26
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temperatures for spawning is used as the spring tem-
perature criterion for aquatic life. The average of the
maximum average temperatures for growth is used as
the summer temperature criterion.

Juvenile and adult fish usually seek water hav-
ing a temperature closest to their thermal preference.
(U.S. Environmental Protection Agency, 1986a). Fish
may move to deeper parts of a pond to avoid warmer
surface water temperatures. However, the coolest part
of a pond, the hypolimnion, may be anoxic. In this re-
port the coolest temperature in the area with a dissolved
oxygen of 5 mg/L or greater is used for comparison
with the maximum-temperature criterion of 20°C in the
spring and 30°C in the summer.

High water temperatures also may adversely af-
fect waterfowl. Conditions favorable for outbreaks of
botulism tend to be associated with or affected by tem-
perature above 21°C (National Academy of Sciences
and National Academy of Engineering, 1973).

Increased water temperature does not have a
detrimental effect on livestock watering, irrigation or
recreation. Temperature may indirectly affect live-
stock watering and recreation as it affects growth of
nuisance phytoplankton species and the amount of dis-
solved oxygen and, therefore, the existing aesthetic and
sanitary qualities. No criterion has been suggested.

Dissclved Oxygen

Dissolved oxygen is of major concern because it
is important for the maintenance of aquatic life and the
protection of waterfowl. The solubility of oxygen in
water is a function of water temperature, barometric
pressure, and dissolved-solids concentration. Oxygen
diffuses from the atmosphere and is produced by pho-
tosynthesis. Photosynthesis can cause an increase in
the dissolved-oxygen concentration in water to super-
saturated levels. Decreases in oxygen can be attributed
to the respiration of plants and animals, an increase in
temperature, and acrobic decomposition of organic
matter.

The oxygen requirement of fish varies with spe-
cies and with temperature. A minimum concentration
of 5.0 mg/L has been set by U.S. Environmental Pro-
tection Agency (1986a) as the dissolved oxygen crite-
rion for the maintenance of aquatic life. This
concentration will support a diverse fish population, al-
though some species of fish require a larger concentra-
tion of dissolved oxygen. Oklahoma’s standard for the
protection of warm-water fisheries is 5.0 mg/L (Okla-
homa Water Resources Board, 1993), and that criterion
is used in this report.

Dissolved oxygen also is important for water-
fowl protection. Botulism, which annually can cause
significant mortality to waterfowl populations, is
caused by a toxin produced by bacteria under anaerobic
conditions (Smith, 1976). Outbreaks of botulism also
have been associated with insect die-offs, water tem-
perature above 21°C, fluctuating water levels, and ele-
vated concentrations of dissolved solids (National
Academy of Sciences and National Academy of Engi-
neering, 1973). Ponds in which the dissolved oxygen
concentration is zero somewhere in the water column
are less desirable to waterfowl than ponds that have a
greater concentration of oxygen throughout the water
column. Hydrogen sulfide production is anindicator of
bacterial decomposition in the absence of oxygen (U.S.
Environmental Protection Agency, 1986a). Where hy-
drogen sulfide is present, dissolved oxygen is absent at
equilibrium. However, at very low concentrations of
dissolved oxygen, the precision of dissolved-oxygen
meters is poor. Dissolved-oxygen concentrations as
high as 0.5 mg/L may be read on meters when a hydro-
gen sulfide smell is present, indicating anaerobic de-
composition. Therefore, 0.5 mg/L of dissolved oxygen
is used as the criterion for waterfow! protection.

Aikalinity and Hardness

The alkalinity of a solution is the capacity of its
constituents to react with and neutralize acid. There-
fore, alkalinity buffers the solution against changes in
pH. Because pH has a direct effect on organisms as
well as an indirect effect on the toxicity of other con-
stituents, the buffering capacity is important. In most
natural waters, alkalinity is produced by the dissolved
carbon dioxide species bicarbonate and carbonate. Hy-
droxide, silicate, borate, and organic ligands also con-
tribute to alkalinity (Hem, 1985).

Alkalinity is important for aquatic life because it
buffers pH changes that occur naturally as a result of
photosynthesis. Components of alkalinity such as car-
bonate and bicarbonate will react with some toxic
heavy metals and reduce their toxicity (National Acad-
emy of Sciences and National Academy of Engineer-
ing, 1973). A minimum alkalinity 0f 20 mg/L reported
as calcium carbonate (CaCO3) is recommended for the
protection of aquatic life (U.S. Environmental Protec-
tion Agency, 1986a).

Ponds with low total alkalinities generally have
fewer nutrients and therefore cannot support extensive
growth of aquatic plants. Aquatic plants are an impor-
tant component of waterfowl habitat. A total alkalinity
of 25 mg/L as CaCO3 or more is recommended for wa-
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terfowl habitat (National Technical Advisory Commit-
tee to the Secretary of the Interior, 1968).

An excessive alkalinity will affect the desirabil-
ity of the water for recreation. High alkalinity can
cause problems for swimmers by altering the pH of the
lacrimal fluid (see section on pH), but no criterion has
been set by State or federal regulations.

The concept of hardness was derived from wa-
ter-supply practice. It is measured by soap require-
ments for adequate lather formation and is used as an
indicator of the rate of scale formation (U.S. Environ-
mental Protection Agency, 1986a). Total hardness was
calculated from calcium, magnesium, and barium con-
centrations and converted to an equivalent concentra-
tion of calcium carbonate (Brown and others, 1970).
Strontium is often included in the hardness calculation
but no analysis was made for it in this study. Many
public water supplies soften the water to fewer than
100 mg/L.. As hardness in water can be removed and
is not a health hazard, itis notregulated by the EPA. A
hardness criterion of 100 mg/L is used in this report as
a basis for comparison. A commonly used classifica-
tion for hardness is given in table 4.

Table 4. Classification of water by hardness concentration
[Hardness is given in mg/L. CaCOs; modified from Sawyer (1960); U.S.
Environmental Protection Agency (1986a)

Hardness range Classification

0-75 soft
75-150 moderately hard
150-300 hard
over 300 very hard

Disscived Scilds and Specific Conductance

Where available, the total dissolved-solids con-
centration derived from the residue on evaporation at
180°C is used to compare water-quality data from the
ponds to the dissolved-solids criterion. Where no dis-
solved-solids data are available, the specific conduc-
tance data are compared to a specific conductance
criterion estimated from the total dissolved-solids cri-
terion. The ratio of total dissolved-solids concentration
to specific conductance usually falls between 0.55 and
0.75 for natural waters. The larger values generally are
associated with water that have larger sulfate concen-
trations (Hem, 1985). The mean ratio of total dis-
solved-solids concentration to specific conductance for
the study ponds with paired data was 0.75. This ratio

is used to calculate a specific conductance criterion
from the total dissolved-solids criterion. When a water
sample from a pond has a dissolved-solids concentra-
tion close to the criterion it is possible for the dis-
solved-solids concentration to be higher than the
criterion and the specific conductance lower than the
corresponding criterion, or vice versa. In this case the
total dissolved-solids criterion will be used for compar-
ison.

Many plant and animal species are affected by
dissolved-solids concentrations, although tolerance
varies considerably among different species. Dis-
solved-solids concentrations are regulated by the EPA
as a secondary drinking-water standard. Large concen-
trations of dissolved solids are objectionable in drink-
ing water because of possible physiological effects,
unpalatable mineral tastes, and higher production costs
for a water supply necessitated by replacement of cor-
roded water lines or additional treatment of the water.
The recommended dissolved-solids limit is S00 mg/L
where other sources are not available (U.S. Environ-
mental Protection Agency, 1986c¢)

Large concentrations of dissolved solids can
cause detrimental physiological effects in fish. The
concentrations that fish can tolerate vary with the spe-
cies. Dissolved-solids concentrations in excess of
15,000 mg/L are reported as unsuitable for most spe-
cies of freshwater fish (U.S. Environmental Protection
Agency, 1986a). However, concentrations in excess of
5,000 mg/L are unsuitable for spawning of largemouth
bass (Ferreira and Lambing, 1984), a species stocked in
many strip-mine and farm ponds in Oklahoma. There-
fore, a dissolved-solids concentration of 5,000 mg/L
and a specific conductance of 6,700 uS/cm are used as
the criteria.

Water with excessive concentrations of dis-
solved solids can cause physiological damage and
death of livestock. Among the functions of animals, re-
production and lactation are affected first. The maxi-
mum amount tolerated by livestock varies with species
(table 5). The concentration of total dissolved solids
tolerated by livestock also depends on the type of dis-
solved constituents present, climate, and other factors.
Some species can tolerate higher concentrations of dis-
solved solids than those listed in table 5 for short peri-
ods of time (Oklahoma Water Resources Board, 1993).
Two criteria are used, one of 2,860 mg/L for livestock
sensitive to dissolved solids, and a criterion of 15,600
mg/L for livestock with high tolerance.

The suitability of water for irrigation also de-
pends on the dissolved-solids concentration. Both the
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osmotic effect of dissolved solids and the ratio of the
various cations present are important. The EPA has set

Table 5. Maximum concentration of dissolved solids recom-

mended for various livestock
[mg/L, milligrams per liter; modified from McKee and Wolf (1963)]

Animal Concentration {mg/L)
Poultry 2,860
Pigs 4,290
Horses 6,435
Dairy cattle 7,150
Beef cattle 10,100
Adult sheep 12,900

levels for dissolved solids to use as a guide for
irrigation (table 6). The criterion for sensitive crops is
500 mg/L total dissolved solids (670 uS/cm specific
conductance). The criterion used for semitolerant
plants is 1,000 mg/L total dissolved solids (1,330
WS/cm specific conductance). The criterion for tolerant
crops is 2,000 mg/L total dissolved solids (2,670
1S/cm specific conductance). Most crops in Oklahoma
are semitolerant to dissolved solids, but crops from all
categories are grown here. The sensitive crops include
strawberries, beans, and fruit trees. The semitolerant

Table 6. Suitability of water for irrigation based on dissolved-
solids concentrations in arid and semiarid regions
[Modified from U.S. Environmental Protection Agency (1986a)]

Dissolved solids

Suitability concentration
in mg/L
Water from which no detrimental under 500
effects will usually be noticed
Water that may have detrimental effects 500-1,000
on sensitive crops
Water that may have detrimental effects 1,000-2,000
on crops and requires careful man-
agement practices
Water that may be used for tolerant 2,000-5,000

plants on permeable soils with
careful management practices

crops include most vegetables, corn, sorghum, and
alfalfa. The most tolerant crops are barley and cotton.

Scodium, Suifate, and Chioride

Sodium (Na), sulfate, and chloride are the only
major constituents in water for which water-quality cri-
teria currently have been established. Chloride and sul-
fate have secondary maximum contamination levels
(SMCL’s) which means the constituents are not con-
sidered a health risk. Large sulfate concentrations may
be detrimental to livestock, and sodium concentration
is a limiting factor for irrigation water.

Both chloride and sulfate in large concentrations
are detectable by taste. Sulfate also has a laxative ef-
fect for people who are not acclimated to the water.
The criterion for both sulfate and chloride is 250 mg/L
(U.S. Environmental Protection Agency, 1986a). Wa-
ter with larger concentrations of sulfate and chloride is
acceptable for domestic use when no other source is
available. Livestock will tolerate larger concentrations
of sulfate. It is recommended that water used for live-
stock watering not have a sulfate concentration greater
than 2,500 mg/L (Ferreira and Lambing, 1984)

The amount of sodium and the ratio of sodium to
other cations is important for irrigation water. Sodium-
adsorption ratio (SAR) is the parameter most often
used to measure the sodium hazard of irrigation water.

Na*
1/2[Ca’+ Mgz]
expressed in milliequivalents per liter (Hem, 1985).
For sensitive crops, such as fruits, the tolerance for so-
dium in irrigation water is a SAR of 4. The acceptable
range for general crops and forage is a SAR of 8 to 18
(U.S. Environmental Protection Agency, 1986a). This
report uses a SAR of 4 as the criterion for sensitive
crops and a SAR of 18 as the criterion for tolerant
CTOpS.

SAR = where Na, Ca, and Mg are

Nitrogen and Phosphorus

Nitrogen and phosphorus are common elements
and plant nutrients. They are essential for plant
growth, but both are pollutants when present in certain
forms and in large concentrations. Nitrogenin the form
of nitrate and ammonium ions is converted to protein
by plants, but both forms may be toxic to man, animals,
and fish. Large concentrations of phosphorus as phos-
phate may cause nuisance aquatic growths.

Both nitrate and nitrite are considered toxic, al-
though nitrite is considered more toxic. Although nat-
ural waters often contain high levels of nitrate, the
nitrite content is usually very low (National Academy
of Sciences and National Academy of Engineering,
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1973). Nitrate becomes toxic when it is reduced to ni-
trite. Nitrate can be reduced to nitrite in the gastrointes-
tinal tract. Nitrite reacts with hemoglobin in the body
to produce methemoglobin, which impairs oxygen
transport. This impairment can be hazardous to infants.
Therefore nitrate and nitrite is regulated in public water
supplies. Limits of 10 mg/L of nitrate and 1 mg/L of
nitrite are the criteria for public water supplies.

protection of aquatic life. The criteria of 90 mg/L ni-
trate and 5 mg/L nitrite are used in this report.

Ammonia in the un-ionized form also is detri-
mental to aquatic life, including fish and invertebrate
species. The toxicity of ammonia is affected by tem-
perature, pH, previous acclimation to ammonia, car-
bon dioxide concentration, salinity, and the presence
of other toxicants. EPA’s (1986a) recommended wa-

Tabie 7. Maximum total ammonia concentrations recommended for the protection of aquatic life, in milligrams per liter
[°C, degrees Celsius; Modified from U.S. Environmental Protection Agency (1986a)]

Concentration (mg/L as N), for indicated values of pH and temperature

Temperature

pH

0°c 5°C 10°C 15°C 20°C 25°C 30°c
6.50 2.06 197 1.81 1.81 1.73 1.20 0.85
6.75 2.06 1.97 1.81 1.81 1.73 1.21 0.85
7.00 2.06 1.97 1.81 1.81 1.73 1.21 0.85
7.25 2.06 1.97 1.81 1.81 1.73 122 0.86
7.50 2.06 197 1.81 1.81 1.73 1.22 0.87
.75 1.89 1.81 1.73 1.64 1.63 1.14 0.82
8.00 1.26 1.18 1.13 1.09 1.08 0.76 0.55
8.25 0.72 0.67 0.64 0.62 0.62 0.44 0.33
8.50 0.40 0.39 0.37 0.36 037 027 0.21
8.75 0.23 022 0.21 022 0.22 0.17 0.13
9.00 0.13 0.13 0.13 0.13 0.14 0.12 0.09

The presence of ammonia may be indicative of
pollution. Ammonia reduces the effectiveness of chlo-
rination. It also may be corrosive to copper. The Na-
tional Academy of Sciences and National Academy of
Engineering (1973) recommends that dissolved am-
monia in public water supplies not exceed 0.5 mg/L as
nitrogen (N). Ammonia in drinking water is not con-
sidered hazardous to human health.

Nitrates and nitrites also are dangerous to aquat-
iclife. Nitrate concentrations above alevel of 90 mg/L
and nitrite concentrations above a level of 5 mg/L are
considered detrimental to warm-water fish. Salmonids
such as trout are more sensitive to and are adversely af-
fected by nitrite at a level above 0.06 mg/L. These lev-
els are unlikely to occur in nature and therefore the
EPA (1986a) has not included them in the criteria for

ter-quality standard for ammonia, based on the protec-
tion of aquatic life, is calculated using temperature
and pH. Table 7 shows total ammonia values recom-
mended for the protection of aquatic life for specific
pH and temperature values. Total ammonia refers to
total dissolved ammonia species. This table applies to
all species other than salmonids, which rarely are
found in ponds.

Livestock poisoning by nitrate or nitrite is de-
pendent on the intake of these ions from all sources.
Nitrite is formed in the rumen of cattle and sheep, in
forage, inmoistened feeds, and in contaminated water.
In order to provide a reasonable margin of safety for
unusual situations, such as extremely large water in-
take or nitrite formation in slurries, the recommended
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limit of nitrate plus nitrite content in drinking water for
livestock is 100 mg/L, and the limit for nitrite concen-
tration alone is 10 mg/L. (National Academy of Scienc-
es and National Academy of Engineering, 1973).

Total phosphorus as phosphate is considered a
pollutant when in large concentrations because it stim-
ulates excessive algal growth. Excessive algal growth
may impart a taste and odor to the water, may clog in-
take valves, may interfere with water treatment, and
may alter the chemistry of the water. Excessive algal
growth contributes to cultural eutrophication (U.S. En-
vironmental Protection Agency, 1986a), which is rapid
and unnatural aging of lakes because of man’s activi-
ties. To prevent cultural eutrophication, the EPA rec-
ommends that total phosphate not exceed 25 mg/L.

Table 8. Trace elements with criteria for various water uses
[MCL, maximum contaminant level; SMCL, secondary maximum contaminant level]

Trace Elements

Trace elements are those that naturally occur in
waters in concentrations of less than a few mg/L.
These elements are generally reported in pug/L. Micro-
grams per liter is equivalent to parts per billion in fresh
water. Many trace elements, in small concentrations,
are necessary for plant and animal growth, but become
toxic at larger concentrations. Concentrations of trace
elements are included in criteria for different uses of
water because of the toxicity of different elements to
plants, animals, and man at large concentrations. The
toxicity of an element often is affected by other charac-
teristics of the water, such as pH, hardness, and the
presence of other elements (U.S. Environmental Pro-

Water use
Trace element
Public MCL Public SMCL Aquatic life Waterfow! Livestock Irrigation

Aluminum X X
Arsenic X X X X
Barium X

Boron X X
Cadmium X X X
Chromium X X X X
Copper X X X X
Iron X X X
Lead X X X X
Manganese X X
Mercury X X X

Selenium X X X X X
Zinc X X X X

This report is concerned with naturally occurring
water-use limitations rather than man-made problems.
However, ponds that are man-made may age faster than
those created naturally, therefore, this criterion is used
to gauge the level of eutrophication in the lakes. Large
concentrations of phosphate in a pond may be caused
by nearby land use rather than naturally occurring
phosphates.

tection Agency, 1986a). Many of the criteria set for
trace elements change as new information becomes
available on their toxicity. The trace elements with cri-
teria for various water uses are given in table 8.

Both maximum contamination limits and secondary
contamination limits consist of some trace element
concentrations (table 8). The analytical detection limit
for total recoverable lead in the water samples collected
in the spring of 1985 is different from the detection
limit for lead in the water samples collected in the
summer, because of a change in analytical methods.
Both detection limits are larger than the criterion for
lead in public water supplies.
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The levels at which an element is toxic to aquat-
ic life differ from species to species and differ for spe-
cific life cycles of the same species. The pH and
hardness of the water often affect the toxicity of an el-
ement, therefore, the criteria given may be functions of
these constituents rather than a fixed amount. The cri-
teria for cadmium, chromium, copper, lead, and zinc
are functions of hardness. The greater the hardness, the
larger the concentration of the element can be before
being considered toxic to aquatic species. The water-
quality criteria developed by the EPA (1986a) are not
intended to provide 100—percent protection of all spe-
cies and all uses of aquatic life all of the time, but are
intended to protect most species in a balanced, healthy
aquatic community. When a criterion is given as an
equation, the detection limit may be greater than the
criterion for one pond and less than the criterion for an-
otherpond. Also, the national water-quality criteria for
the protection of aquatic life set by the EPA often have
more than one recommended concentration for a given
trace element. The criteria are used for streams, rivers,
and effluent as well as lakes and ponds. Therefore, the
criterion may be a 4-day average concentration or a 1-
hour average concentration. This report uses the 4-day
average concentration as the criterion because water
quality in ponds does not change as quickly as in flow-
ing water.

The criteria for the protection of waterfowl in-
clude the trace element selenium. Dissolved selenium
becomes concentrated in fish, invertebrates, and plants,
particularly bottom-rooting plants, on which waterfowl
feed. Large selenium concentrations in plants and ani-
mals may cause waterfowl mortality and reproduction
problems (Brown, 1987). The State of Oklahoma has
no criterion for selenium, possibly because information
conceming the impact of selenium on waterfowl is fair-
ly recent. The State of California has proposed a stan-
dard of between 2 and 10 pg/L of selenium (Brown,
1987). This report uses a criterion of 2 pg/L.

Ten trace elements are included in water-quality
criteria for the protection of livestock (table 7). These
elements may be in both feed and water, so both should
be considered. The National Academy of Sciences and
National Academy of Engineering (1973) recommends
using the criteria as guidelines for diagnosing livestock
losses, since a large margin of safety normally is fac-
tored into the criteria and other factors such as interac-
tion with other ions, water intake, temperature of the
environment, and age, sex, species, and physiological
state of the animal are important.

Eleven trace elements are included in water-
quality criteria for irrigation (table 8). The most impor-
tant of these elements is boron. Plants vary in their sen-
sitivity to boron. Water may be classified not only

according to its boron content, but also according to the
tolerance of the crops to which it is applied. The most
sensitive crops are citrus, nuts, and deciduous fruits;
semitolerant are truck crops, cereals, and cotton; most
tolerant are lettuce, onion, alfalfa, beets, and asparagus
(McKee and Wolf, 1963). The Environmental Protec-
tion Agency (1986a) suggests a criterion of 0.75 mg/L
for long-term irrigation on sensitive crops. National
Academy of Sciences and National Academy of Engi-
neering (1973) recommends maximum boron concen-
trations of 1 and 2 mg/L for semitolerant and tolerant
plants respectively.

Manganese also may be toxic to some plants at
a concentration slightly less than 1 mg/L. when applied
to soils with pH values less than 6.0. For acidophilic
crops a criterion of 0.2 mg/L has been suggested. Prob-
lems may develop with long-term (approximately 20
years) continuous irrigation on other soils with water
containing about 10mg/L. of manganese. However, be-
cause surface waters rarely have concentrations greater
than 1 mg/L, the EPA (1986a) has not set a specific cri-
terion for manganese. Water in Oklahoma tends to
contain relatively large concentrations of manganese.
Therefore, this report uses 1 mg/L as a criterion for ir-
rigation.

Phytoplankton, Macrophytes, and Benthic
invertebrates

Biological constituents also are used to evaluate
the quality of a water body. A healthy population of
phytoplankton, macrophytes, and benthic invertebrates
are necessary for the health and propagation of fish.

Phytoplankton can be both beneficial and detri-
mental to the water quality of a pond. Phytoplankton
can be beneficial because they produce oxygen, re-
move carbon dioxide, are significant in self-purifica-
tion processes, and serve as food for other aquatic
fauna, such as zooplankton and some fish. Phytoplank-
ton growths have been known to foster increased
growth of insect larvae and water fleas. Phytoplankton
also can be damaging to a pond. Some species are toxic
to stock, others cause taste and odor problems in public
water supplies and clog filters. Phytoplankton can be
detrimental to fish. Some species add toxins to the wa-
ter that poison certain species of fish. Phytoplankton
also may cause dissolved oxygen imbalances resulting
in mortality through oxygen depletion or supersatura-
tion. Large concentrations of dead phytoplankton can
cause fish deaths by clogging their gills and can smoth-
er benthic fauna (McKee and Wolf, 1963).
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Table 9. Water-quality criteria and standards for public water supply

[EPA, U.S. Environmental Protection Agency; NAS/NAE, National Academy of Sciences and National Academy of Engineering; OWRB, Oklahoma Water
Resources Board; MCL, Maximum contaminant level; SMCL, Secondary maximum contaminant level; mg/L, milligrams/liter; pS/cm, microsiemens per cen-
timeter; min, minimum; max, maximum; TR, total recoverable; mL, milliliter; Primary standards are regulations for the protection of human health; Secondary

standards are recommended for human welfare]

Drinking water

Constituent Water-quality State standard standards Source for water-
criteria (OWRB,1993) (EPA,1986; quality standard
* EPA, 1993)
Primary standards (MCL):
Nitrate, dissolved as N 10 mg/L 10 mg/L 10 mg/L EPA (1986b)
Nitrite, dissolved as N 1mg/L * 1 mg/L EPA (1986b)
Arsenic, TR 0.05 mg/L 0.1 mg/L .05 mg/L EPA (1986b)
Barium, TR 1.0 mg/L 1.0 mg/L *2.0mg/L EPA (1986b)
Cadmium, TR 0.01 mg/L 0.02 mg/L * 005Smg/L  EPA (1986b)
Chromium, TR 0.05 mg/L 0.05 mg/L * 1mg/L EPA (1986b)
Copper, TR 1.0 mg/L 1.0 mg/L Treatment EPA (1986¢)
technique
Lead, TR 0.05 mg/L 0.10 mg/L Treatment EPA (1986b)
technique

Mercury, TR 0.002 mg/L 0.002 mg/L .002mg/L  EPA (1986c)
Selenjum, TR 0.01 mg/L 0.01 mg/L * 05 mg/L EPA (1986c)
Secondary standards (SMCL):
pH 6.5-8.5, min-max 6.5-8.5 EPA (1986¢)
Dissolved oxygen 5.0mg/L EPA (1986¢)
Hardness, as CaCO, 100 mg/L See text
Sulfate, dissolved 250 mg/L * 250 mg/L EPA (1986¢)
Chloride, dissolved 250 mg/L * 250 mg/L EPA (1986¢)
Dissolved solids 500 mg/L 500 mg/L EPA (1986¢)
Specific conductance 670 mS/cm See text
Ammonia, dissolved 0.5 mg/L NAS/NAE (1973)
Copper, TR 1.0 mg/L 1.0 mg/L * 1.0 mg/L EPA (1986c¢)
Iron, TR 0.3 mg/L * 3 mg/L EPA (1986c¢)
Manganese, TR 0.05 mg/L * 05 mg/L  EPA (1986c)
Zinc, TR Smg/L Smg/L *5 mg/L EPA (1986c)
Phytoplankton: McKee and Wolf (1963)

Aphanizomenon 1,000 cells/ml

Anabaena 600 cells/ml

Cryptomonas 200 cells/ml

Chlamydomonas 10 cells/ml

Dinobryon 500 cells/ml

Synura 200 cells/ml

Ureglenopsis 200 cells/ml

Phytoplankton, Macrophytes, and Benthic invertebrates

19



The phytoplankton Aphanizomenon, Anabaena,
Cryptomonas, Chlamydomonas, Dinobryon, Synura,
and Uroglenopsis have been noted to cause odor and
taste problems (McKee and Wolf, 1963) in domestic
water. Only Anabaena, Chlamydomonas, and Dino-
bryon were found in the ponds in this study. These taxa
and the allowable limits are listed in table 9.

Anacystis, Anabaena, Aphanizomenon, Co-
elosphaerium, Gloeotrichia, Gomphosphaeria, Nostoc,
and Nodularia are considered toxic to stock (National
Academy of Sciences and National Academy of Engi-
neering, 1973). Anacystis and Anabaena were found in
the ponds in the study. The concentration of these taxa
necessary to cause toxic reactions in stock is unknown,
Therefore, the presence of the taxon or taxa is noted,
but no numerical limit is used as a criterion.

The presence of benthic invertebrates in a pond
is generally beneficial to fish as it indicates a food
source. However, some genera of benthic inverte-
brates, particularly midges, mosquitoes, and biting flies
may be considered a nuisance in large numbers and
will detract from the aesthetics of a pond. The total
number of invertebrates and the number of genera are
used to compare ponds. The presence of benthic inver-
tebrates is used as a criterion for aquatic life.

Macrophytes generally are considered benefi-
cial to the aquatic life of a pond. Macrophytes are a
source of habitat and food for fish, invertebrates, and
waterfowl. However, an overabundance may be con-
sidered a pollution source. Macrophytes may affect the
color and taste of water, may cause problems by clog-
ging pipes, and may affect the dissolved-oxygen con-
tent of the water. Decaying macrophytes will lower
dissolved oxygen. Macrophyte concentrations were
not analyzed quantitatively and will be used only for
comparison and not as a criterion.

COMPARISON OF POND DATA TO
WATER-QUALITY CRITERIA

Water-quality data collected from the study
ponds were analyzed statistically for the maximum,
minimum, and mean values of each constituent for
each pond. These values were used for comparison
with water-quality criteria. The number of ponds per
group with a water sample containing constituent con-
centrations that exceeded a criterion and the total num-
ber of ponds with data per group are noted.

Samples were collected in the spring and sum-
merinan attempt to give a best- and worst-case sample.
Two samples are not sufficient to show true seasonal
changes. Concentrations of dissolved oxygen, pH, and

specific conductance were obtained in vertical profiles
(table 10, at back of report) to provide values from the
entire water column, rather than from just one point,
which could be compared with criteria where appropri-
ate. Concentrations of dissolved oxygen, pH, tempera-
ture, and specific conductance obtained from the
hypolimnion of the vertical profiles were used to com-
pare with criteria when similar data from the hypolim-
nion were not available. These data are presented in the
comparison tables (tables 11, 17, 21, 23, 25, 27, 28).

The phytoplankton data should be used qualita-
tively, rather than quantitatively. A pond may have
been sampled during a plankton bloom, whereas the
next pond may have been sampled before or after a
similar bloom. Therefore, the data should be reviewed
for types of plankton and number and diversity of gen-
era, rather than for total number of plankton.

Public Water Suppiy

Water-quality criteria for public water supply
are the most closely monitored and regulated criteria.
The EPA sets maximum contaminant levels (MCL’s)
for constituents considered harmful to human health.
Secondary maximum contaminant levels (SMCL’s) are
set for those constituents that are not harmful to human
health, but may affect human welfare, such as domestic
uses other than ingestion. This report also uses criteria
for substances that are not regulated by the EPA. These
are grouped with the SMCL'’s.

The water-quality criteria used in this report,
Federal water-quality standards and State water-quality
standards, are presented in table 9. Comparison of wa-
ter-quality data from the ponds to water-quality criteria
for public water supplies is given in table 11.

Water samples from six ponds exceeded a stan-
dard for the protection of human health in the epilim-
nion. A water sample from the epilimnion of one Iron
Post pond exceeded the lead criterion of 50 pg/L with
a concentration of 160 pg/L.. Water samples from other
ponds had lead concentrations less than the detection
limit. The detection limit for total recoverable lead of
100 pg/L is lower than the criterion. Therefore, it is
possible that the water in some ponds with lead concen-
trations less than the detection limit had lead concentra-
tions that exceeded the criterion. A water sample from
the epilimnion of a McAlester pond had a total recov-
erable mercury concentration of 50 pg/L that exceeded
the MCL of 2 pg/L.. Only one of the two samples col-
lected during the study for each of these two ponds had
concentrations exceeding the criterion mentioned. The
other samples collected from these ponds contained
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Table 11. Comparison of pond-water quality to water-quality criteria for public water supply

[min, minimum; max, maximum; *, detection limit is higher than criterion; TR, total recoverable; NA, not applicable. The fraction used is the number of
ponds exceeding the criterion over the total number of ponds with data; shallow samples were collected from the epilimnion; deep samples were collected
from the hypolimnion]

Pond type and location of sample

Variable Control Croweburg iron Post McAlester

Shallow Deep Shallow Deep Shallow Deep Shallow Deep

PRIMARY STANDARDS
Nitrate, dissolved 0/4 0/4 0/8 0/8 0/8 013 0/8 0/5
Nitrite, dissolved 0/4 0/4 0/8 08 0/8 073 078 0/5
Arsenic, TR 0/6 0/2 0/8 0/6 0/8 0/5 0/8 0/6
Barium, TR 0/6 02 0/8 0/6 0/8 0/5 0/8 0/6
Cadmium, TR 0/6 0/2 0/8 0/6 0/8 0/5 0/8 0/6
Chromium, TR 0/6 12 018 0/6 0/8 0/5 0/8 0/6
Lead, TR *0/6 *0/2 *0/8 *0/6 *1/8 *0/5 *0/8 *0/6
Mercury, TR 0/5 02 0/8 on 0/8 0/5 19 07
Selenium, TR 0/6 0/2 0/8 0/6 5/8 2/5 0/8 0/6
SECONDARY STANDARDS
pH (min) 1/6 3/6 078 1/8 0/8 1/8 0/9 1/9
pH (max) 1/6 0/6 1/8 178 0/8 0/8 29 0/9
Dissolved oxygen 0/6 6/6 0/8 8/8 0/8 8/8 0/9 9/9
Hardness, as CaCO, 2/6 02 8/8 mn 8/8 5/5 79 6/7
Sulfate, dissolved /6 02 4/8 51 7/8 5/5 3/9 sn
Chloride, dissolved 0/6 02 0/8 077 0/8 0/5 0/9 077
Dissolved solids 1/6 02 4/8 6/1 78 5/5 39 a1
Specific conductance 1/6 1/6 4/8 6/8 7/8 7/8 4/9 6/9
Ammonia, dissolved 0/4 2/4 0/8 7/8 /8 13 1/8 3/6
Copper, TR 0/6 012 0/8 0/6 0/8 0/5 0/8 0/6
Iron, TR 4/6 2R 2/8 6/6 3/8 3/5 4/8 5/6
Manganese, TR 4/6 21 3/8 6/6 5/8 5/5 3/8 6/6
Zinc, TR 0/6 0/2 0/8 0/6 0/8 0/5 0/8 0/6
Phytoplankton:

Anabaena 1/6 NA 1/8 NA 0/8 NA 2/9 NA

Chlamydomonas 2/6 NA 0/8 NA 3/8 NA 0/9 NA

Dinobryon 1/6 NA 0/8 NA 1/8 NA 0/9 NA

concentrations less than the criterion. A water sample teria for pH, phytoplankton, and hardness, which are
from the hypolimnion of one control pond had a total easily treatable.
hromi ion of 1
;[ COIIJn :;T&)onc;ﬂtrauo of 130 pg/L that exceeded the Water samples from all ponds had pH values
He/L. within the recommended range for pH somewhere in the
Water samples from the epilimnion of all 31 water column. The pH often changes with depth, so it

ponds exceeded one or more SMCL’s. Water samples is possible for a pond to be outside the range for pH
from 27 of these exceeded two SMCL's, including cri- ~ somewhere in the water column, but be within the range
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elsewhere in the water column. The pH was measured
at depth increments, so changes in pH were noted. Wa-
ter from six ponds did not meet the minimum pH of 6.5
somewhere in the water column and water from five
ponds exceeded the maximum pH of 8.5 somewhere in
the water column. When the median pH was used, wa-
ter in all of the ponds had pH values within the recom-
mended range.

Hardness concentrations in water samples from
the epilimnion of 25 of 31 ponds exceeded the criterion
of 100 mg/L.. Applying the commonly used hardness
chart (table 4), water with hardnesses greater than 100
mg/L are classified as moderately hard or harder. Wa-
ter samples from 4 of 6 control ponds and 2 of 9 McA-
lester ponds had hardnesses of less than 75 mg/L,
which is classified as soft water. The mean hardness
for samples from the six control ponds was 100 mg/L,
compared to mean hardnesses of 370, 940, and 200
mg/L for samples from Croweburg, Iron Post, and
McAlester ponds.

None of the water samples contained dissolved-
chloride concentrations in excess of the SMCL of 250
mg/L. Water samples from the epilimnion of 15 of 31
ponds had dissolved sulfate concentrations in excess of
the SMCL of 250 mg/L.. Large dissolved-sulfate con-
centrations are common in water from ponds formed by
strip mining. Water samples from the epilimnion of 4
of 8 Croweburg ponds, 7 of 8 Iron Post ponds, and 3 of
9 McAlester ponds contained sulfate concentrations
greater than the SMCL, with maximum concentrations
ranging from 270 to 1,800 mg/L (table 12). Dissolved
sulfate concentrations in a water sample from one of
the six control ponds exceeded the SMCL, with a max-
imum concentration of 390 mg/L (table 12, at back of
report). Sulfate concentrations in water samples from
the hypolimnion of 15 of 21 ponds exceeded the
SMCL.

Water in the epilimnion of 15 ponds had concen-
trations exceeding the SMCL for dissolved solids. A
limit of 500 mg/L is the recommended maximum con-
centration for dissolved solids unless more suitable
supplies are unavailable. Dissolved-solids concentra-
tions in water samples from control ponds exceeded the
dissolved-solids criterion the least often, and concen-
trations in water samples from Iron Post ponds exceed-
ed this criterion the most often. Water samples from 1
of 6 control ponds had total dissolved-solids concentra-
tions exceeding the criterion with a maximum dis-
solved-solids concentration of 616 mg/L (table 12).
Water samples from 7 of 8 Iron Post ponds contained
dissolved-solids concentrations ranging from 890 to
3030 mg/L (table 12). Water samples from the hy-
polimnion of all the ponds exceeded one or more
SMCL’s.

The ammonia concentration in a water sample
from the epilimnion of one pond exceeded the ammo-
nia criterion of 0.5 mg/L, with a concentration of 0.95
mg/L of dissolved ammonia (table 13). Ammonia con-
centrations in water samples from the hypolimnion of
13 of 21 ponds exceeded the criterion, with concentra-
tions ranging from 0.52 to 6.7 mg/L (table 13, at back
of report). Water samples from Croweburg ponds were
the most likely to exceed the criterion. Water samples
from 7 of 8 ponds exceeded the criterion.

Water samples from the epilimnion of 13 of 31
ponds contained total recoverable iron in excess of the
SMCL of 0.3 mg/L. and water samples from the epilim-
nion of 15 of 31 ponds contained total recoverable
manganese in excess of the SMCL of 0.05 mg/L. The
concentrations of total recoverable iron and manganese
in the water samples exceeding the criteria ranged from
0.31to 1.7 mg/1 and 0.07 t0 0.84 mg/L (table 14). Con-
trol ponds had the highest percentage of ponds with
samples from the epilimnion exceeding the criteria.
Samples from 4 of 6 control ponds exceeded the crite-
ria for both iron and manganese, with concentrations
ranging from 0.4 t0 1.5 mg/L and 0.1 to 0.84 mg/L
(table 14). Croweburg ponds had the smallest percent-
age of ponds with water samples exceeding the criteria.
Samples from 2 of § ponds exceeded the iron criterion,
and samples from 3 of 8 ponds exceeded the manga-
nese in the epilimnion. A greater percentage of water
samples from the hypolimnion contained iron and man-
ganese concentrations in excess of the criteria. Water
samples from the hypolimnion of 16 of 19 ponds con-
tained iron concentrations in excess of the criterion.
All of the ponds sampled in the hypolimnion contain
water with manganese concentrations exceeding the
criterion. Concentrations ranged from 3.3 to 34 mg/L
of iron and 0.4 to 23 mg/L of manganese (table 14, at
back of report).

Water samples from 1 of 6 control ponds had
populations of Anabaena and Dinobryon in excess of
the criteria of 600 and 500 cells per mL, and samples
from 2 of 6 control ponds had populations of Chlamy-
domonas in excess of the criterion of 10 cells per mL.
Water samples from three Iron Post ponds exceeded the
criteria for Chlamydomonas, and water from one Iron
Post pond exceeded the criteria for Dinobryon. Water
samples from two McAlester ponds and one Crowe-
burg pond had algal populations in excess of the crite-
ria for Anabaena. None of the water samples contained
populations of Aphanizomenon, Crypotomonas, Synu-
ra, or Uregenopsis in excess of the criteria.
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Table 15. Water-quality criteria for the protection of aquatic life
[* See tables 2 and 3 in text; mg/L, milligrams per liter; pg/L,micrograms per liter; °C, degrees Celsius; min, minimum; max, maximum; TR, total recov-
erable; EPA, U.S. Environmental Protection Agency; In (hardness), natural log of carbonate hardness in milligrams per liter; where applicable the four-

day average concentration was used as the criterion]

Constituent Water-quality criteria Source
pH 6.5-9.0 OWRRB (1985)
Temperature (spring) 20°C * EPA (1986a)
Temperature (summer) 30°C * EPA (1986a)
Dissolved oxygen 5.0 mg/L (min) EPA (1986a)
Alkalinity, total as CaCO4 20 mg/L. (min) EPA (1986a)
Dissolved solids 5,000 mg/L McKee and Wolf
1963)
Specific conductance 6,700 mS/cm See text
Nitrate, dissolved 90 mg/L EPA (1986a)
Nitrite, dissolved Smg/L EPA (1986a)
Ammonia, dissolved see table 6 EPA (1986a)
Arsenic 0.19 mg/L EPA (1986a)
Cadmium, TR €(0.7852[In(hardness)]-3.49) mg/L EPA (1986a)
Chromium (VI), TR 11 mg/L EPA (1986a)
Chromium (IIT), TR ¢(0.8190[In(hardness)}+1.561) mg/L EPA (1986a)
Copper, TR ¢(0.8545[In(hardness)}-1.465) mg/L. EPA (1986a)
Iron, TR 1.0 mg/L EPA (1986a)
Lead, TR €(1.273(In(hardness)}-4.705) mg/L EPA (1986a)
Mercury, TR 0.012 mg/LL EPA (1986a)
Selenium, TR 0.035 mg/L (24-hr. ave.) EPA (1986a)
Zinc, TR ¢(0.8473(In(hardness)]+0.7614) mg/L EPA (1987)
Aquatic Life to exceed a criterion and another to be within the limit,

Aquatic life is particularly sensitive to the dis-
solved constituents in a pond. A large response varia-
tion exists among aquatic organisms. Different aquatic
organisms do not exhibit the same degree of susceptibil-
ity to a given concentration of toxicant. When estab-
lishing a criterion, the response of the more sensitive
species was used where possible. Water-quality stan-
dards set by the U.S. Environmental Protection Agency
(1986a) are not intended to offer the same degree of
safety for survival and propagation at all times to all or-
ganisms within a given ecosystem. Therefore, not all
species are protected by these criteria. The criteria for
the protection of aquatic life are given in table 15.

The criteria for five constituents are functions of
hardness. Therefore, each pond has its own unique cri-
teria for these constituents. It is possible for one pond

yet both have the same concentration of a constituent.
Table 16 shows those constituents with criteria that are
dependent on hardness and the associated values for
various levels of hardness. The comparison of the wa-
ter-quality data from the ponds to the water-quality cri-
teria for the protection of aquatic life is given in table
17.

Water from 25 of the ponds had pH values within
the recommended range in either the epilimnion or hy-
polimnion or both. Of the six ponds containing water
with minimum pH’s below the recommended minimum
of 6.5, all had water with pH values within .7 units of
6.5 (table 10). In five of these ponds, the pH dropped
below the minimum in the hypolimnion only. When the
median pH per site per pond is used, water from sites on
three ponds were below the minimum pH. One control
pond contained water with a pH above the maximum of
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9.0. This pond was sampled during an algal bloom and
the elevated pH was probably caused by increased pho-
tosynthesis. Photosynthesis affects the amount of oxy-
gen and carbon dioxide dissolved in the water which in
turn affects the pH (Hem, 1985).

ponds, one was a McAlester pond, and one was a
Croweburg pond. The concentration of alkalinity in
ponds not meeting the criterion ranged from S to 18
mg/L (table 12).

All the ponds met the dissolved nitrate and ni-
trite criteria for the protection of aquatic life. Ammo-

Table 16. Water-quality criteria for the protection of aquatic life that are dependent on hardness

[All concentrations in micrograms per liter]

Total recoverable

CaCO3 hardness

trace element

50 100 200 300 400 500 1,000
Cadmium .66 1.1 2.7 34 4.0 6.9
Chromium 120 210 360 510 640 770 1,400
Copper 6.5 12 21 30 39 47 85
Lead 1.3 32 13 19 25 60
Zinc 59 110 190 270 340 410 750

Temperature data from vertical profiles were
used to compare with the criterion (table 10). The cri-
terion requires that the temperature be equal or less than
20.0°C during the spring and 30.0°C during the summer
at some point in the epilimnion where the dissolved ox-
ygen is greater than 5 mg/L. Water samples from all the
ponds met the criterion for protection of spawning dur-
ing the spring. Most of the ponds had temperatures less
than the criterion somewhere in the epilimnion when
sampled in the summer. Two control ponds, one Crowe-
burg pond, and three McAlester ponds exceeded the cri-
terion in the summer.

Dissolved-oxygen levels are regulated by the
State for streams but not for ponds or lakes. This crite-
rion for streams of 5.0 mg/L of dissolved oxygen is used
in this report. Water from all of the ponds had sufficient
dissolved oxygen in the epilimnion to sustain aquatic
life. All ponds had dissolved oxygen levels in the hy-
polimnion less than the criterion for the protection of
aquatic life (table 10). These low values usually were
found during summer sampling. Fish could survive by
staying in the epilimnion. However, low dissolved-ox-
ygen levels in the hypolimnion decrease the available
habitat for fish, affect the type and number of benthic in-
vertebrates, and may cause low dissolved-oxygen levels
in the fall during turnover.

Alkalinities from water samples from 4 of 31
ponds were below the recommended minimum concen-
tration of 20 mg/L. Two of these ponds were control

nia concentrations of a water sample from the
epilimnion of one McAlester pond exceeded the crite-
rion. Dissolved ammonia concentrations in water sam-
ples from the hypolimnion of one control pond, two
Croweburg ponds and three McAlester ponds exceeded
the criterion (table 7). The ponds were sampled for nu-
trients in the summer.

Water samples from 26 ponds exceeded one or
more trace element criteria either in the epilimnion, hy-
polimnion, or both. Water samples from 16 ponds ex-
ceeded one or more trace-element criteria in the
epilimnion. Water samples from 9 of these ponds ex-
ceeded one trace-element criterion and 6 exceeded two
criteria. Total recoverable mercury criterion was ex-
ceeded the most often. Total mercury concentrations in
water samples from the epilimnion of 12 of 31 ponds
and the hypolimnion of 15 of 21 ponds exceeded the
mercury criterion of 0.012 pg/L. These ponds had mer-
cury in excess of the detection limit of 0.5 pg/L in the
spring and 0.1 ug/L in the summer. Water samples
from the other ponds had mercury levels below the de-
tection limit, which is greater than the criterion. Total
cadmium concentration in water samples from the ep-
ilimnion of five ponds exceeded the calculated criteri-
on. Water samples from three more ponds had
concentrations less than the detection limit, which was
higher than the calculated criterion. Water samples
from all except one pond had total recoverable copper
concentrations below the calculated criterion.
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Table 17. Comparison of pond-water quality to water-quality criteria for the protection of aquatic life

[min, minimum; max, maximum; *, detection limit is higher than the criterion for some or all samples; NA, not applicable; TR, total recoverable. The
fraction used is the number of ponds exceeding the criterion over the total number of ponds with data; shallow samples were collected from the epilim-
nion; deep samples were collected from the hypolimnion]

Pond type and location of sample

Varlable Control Croweburg Iron Post McAlester

Shallow Deep Shallow Deep Shallow Deep Shallow Deep

pH (min) 1/6 3/6 0/8 1/8 0/8 18 09 19
pH (max) 1/6 0/6 08 0/8 0/8 0/8 0/9 09
Temperature (spring) 0/6 NA 0/8 NA 0/8 NA 09 NA
Temperature (summer) 2/6 NA 1/8 NA 0/8 NA 39 NA
Dissolved oxygen 0/6 6/6 0/8 8/8 0/8 8/8 s 99
Alkalinity 2/6 212 1/8 077 0/8 0/5 19 077
Dissolved solids 0/6 0/2 0/8 077 0/8 0/5 09 s
Specific conductance 0/6 0/6 0/8 0/8 0/8 0/8 09 09
Nitrate, dissolved 0/4 0/4 0/8 0/8 0/8 073 0/8 0/5
Nitrite, dissolved 0/4 074 0/8 0/8 0/8 073 0/8 0/5
Ammonia, dissolved 074 1/4 0/8 3/8 0/8 073 178 2/6
Arsenic, TR 0/6 0/2 0/8 0o/6 0/8 0/5 078 0/6
Cadmium, TR *2/6 *1/2 1/8 0/6 1/8 1/5 18 0/6
Chromium, TR 0/6 012 0/8 0/6 0/8 0/5 08 0/6
Copper, TR *1/6 *1/2 *0/8 0/6 0/8 0/5 *0/8 *0/6
Iron, TR 1/6 22 1/8 4/6 1/8 2/5 2/8 3/6
Lead, TR *0/6 *0/2 *0/8 *0/6 *1/4 *0/5 *0/8 *0/6
Mercury, TR *3/5 22 *1/8 7/8 *3/8 *2/5 *5/9 *6/8
Selenium, TR 0/6 0/2 0/8 0/6 1/8 0/5 08 0/6
Zinc, TR o/6 012 0/8 0/6 0/8 0/5 0/8 0/6
For water samples from nine of these ponds the recoverable chromium and zinc concentrations less
detection limit is greater than the calculated criterion than the criteria.

(table 16). Five of these were control ponds. Total iron
concentration in water samples from the epilimnion of

ﬁye po nds exceedeq the cntepon for iron of 1 mg/L, fish. The dissolved-oxygen concentration below the
with iron concentrations ranging from 1.2 to 1.7 mg/L. layer containing the algal bloom was less than 5.0

hypolimnion of 11 ponds exceeded the criterion, with missed, because of sample umlng

concentrations ranging from 1.1 mg/L to 34 mg/L
(table 12). Water samples from 30 ponds had total
recoverable lead concentrations below the analytical

Water samples from one control pond had large
phytoplankton populations that may be detrimental to

Balanced phytoplankton and benthic inverte-
brate communities are essential for fish survival and
growth. The phytoplankton concentrations in water

detection limit of 0.1 mg/L. In most instances the samples from ponds sampled during the summer of
detection limit is greater than the calculated criterion 1985 ranged from 790 cells per mL at a site on an Iron
(table 16). Water samples from all ponds had total Post pond to 291,300 cells per mL at a site on a control
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pond (table 18, at back of report). The concentration of
phytoplankton and benthic invertebrates varied widely
from pond to pond. The mean concentration of phy-
toplankton in the six control ponds ranged from 5,130
to 173,500 cells per mL. The concentration of phy-
toplankton from site to site within a pond varied wide-
ly. The concentration from sites in Control Pond 2

Waterfowl Habitat

Aquatic habitats in eastern Oklahoma, part of
the Eastern Plains corridor of the Central flyway (Bell-
rose, 1976), are heavily utilized during the winter and
migration periods by loons, grebes, pelicans, geese,
ducks, gulls, and shore birds. The most abundant win-

Table 20. Water-quality criteria for the protection of waterfowl
[mg/L, milligrams per liter; min, minimum; max, maximum; °C, degrees Celsius; TR, total recoverable; >, greater than; NAS/NAE, National
Academy of Sciences and National Academy of Engineering; EPA, U.S. Environmental Protection Agency]

Constituent Water-quality criterla Source
pH 7.0-9.2, min-max NAS/NAE (1973)
Temperature 21°C NAS/NAE (1973)
Dissolved oxygen >0.5 See text
Alkalinity, bicarbonate 25 mg/LL min EPA (1986a)
Selenium, TR .002 mg/L Brown (1987)

varied from 3,600 to 291,300 cells per mL. The mean
benthic invertebrate population ranged from 120
organisms per m? to 4,310 organisms per m? (table 19,
at back of report). It is difficult to relate the
phytoplankton or benthic invertebrate population size
to suitability for fish habitat, because of sample
variability and interrelationships between
phytoplankton and vertebrates and invertebrates. A
low total phytoplankton count may indicate heavy
utilization by vertebrates and invertebrates.

The number of phytoplankton genera found in
pond water samples ranged from 2 per pond to 18 per
pond. A larger number of genera may indicate a more
diverse phytoplankton population, which may support
a more diverse population of invertebrates and verte-
brates. The total number of benthic invertebrate genera
found ranged from 2 to 30 per pond (table 19).

Macrophytes are a source of food and habitat for
invertebrates and fish. The control ponds sampled
were observed to have a higher percentage of macro-
phytes per area of pond. Many of the older ponds
formed by strip mining were observed to have more
macrophytes than the younger ponds. Many of the old-
er ponds had shallow arms where macrophytes could
grow. Macrophyte populations were not measured, so
no conclusions can be drawn about macrophyte growth
and a pond’s suitability.

tering species in eastern Oklahoma are mallards, gad-
walls, common mergansers, and American coots
(Schnell and others, 1979). The mallard population,
estimated at 160,000 in 1968, winter on artificial reser-
voirs in Oklahoma (Bellrose, 1968). Most species of
dabbling duck use winter habitat for more than 7
months. Conditions on the wintering grounds can in-
fluence the welfare of birds using them and also the
breeding condition of birds departing from them in the
spring (Chabbreck, 1979).

The water-quality criteria for the protection of
waterfowl are often the criteria applicable to the growth
of plants and invertebrates utilized by waterfowl, rath-
er than the criteria for ingestion of water by waterfowl.
The water-quality criteria for protection of waterfowl
are given in table 20.

The comparison of the water-quality data from
the ponds to the water-quality criteria is given in
table 21.

Water depth is a possible criteria that is not list-
ed in the table. The type of duck (diving or dabbling)
and the species of duck affect the applicability of a
depth criterion. However, depth does need to be con-
sidered when discussing the suitability of a water body
for use by waterfowl. The depth of the water affects the
type and amount of edible vegetation. Too much ortoo
little may affect food availability. A lake in central
Louisiana was reported to have tremendous concentra-
tions of most species during the fall and early winter
when depths were less than 0.5 m (1.6 ft) and favorable
for feeding. Deeper flooding in late winter caused most
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Table 21. Comparison of pond-water quality to water-quality criteria for the protection of waterfowl
[max, maximum; min, minimum; NA, not applicable; *, detection limit is higher than the criterion for some or all samples; TR, total recoverable. The
fraction used is the number of ponds exceeding the criterion over the total number of ponds with data; shallow samples were collected from the epilim-

nion; deep samples were collected from the hypolimnion]

Pond type and location of sample

Varlable Control Croweburg Iron Post McAlester

Shallow Deep Shallow Deep Shallow Deep Shallow Deep
pH (min) 4/6 NA 0/8 NA 0/8 NA 29 NA
pH (max) 1/6 NA 0/8 NA 0/8 NA 0/ NA
Temperature 6/6 0/6 8/8 08 8/8 0/8 99 09
Dissolved oxygen 0/6 5/6 0/8 6/8 0/8 4/8 09 59
Alkalinity (min) 2/6 02 1/8 077 0/8 0/5 19 i
Selenium, TR */6 *2 */8 */6 *5/8 *2/5 *9 */6

dabbling ducks to abandon the area (Chabbreck, 1979).
Diving ducks, which feed on invertebrates, will tolerate
deeper depths (Michael J. Johnson, oral commun.,
1990). Deeper ponds may be utilized by dabbling
ducks for resting. Mallards and pintail often use lakes
in Oklahoma as resting areas, and feed in nearby fields
(Chabbreck, 1979).

All of the ponds in the study are deeper than 1.6
ft (table 12). Farm ponds in the area may be shallower,
but were not used for the study, because depth was a
consideration in control-pond selection. Many of the
ponds, both control and strip mine, have areas shallow-
er than 1.6 ft, with considerable macrophyte growth.
The older ponds formed by strip mining had more shal-
low areas than newer ponds. The Iron Post sedimenta-
tion ponds had more shallow areas and more
macrophyte growth than the last-cut ponds formed by
strip mining.

Data from the epilimnion were used to compare
pH values, because the pH criterion is protective of
plants utilized by waterfowl. Water from all of the
ponds except for one control pond met the criterion for
maximum pH of 9.2. This criterion was exceeded in
the summer only. Water samples from six ponds had
pH levels less than the suggested minimum pH of 7.0.
Four of the six ponds were control ponds and two were
McAlester ponds. Two of the control ponds had pH
levels less than the criterion in the summer only. Most
water from ponds formed by strip mining had pH val-
ues within the recommended range. However, the
ponds formed by strip mining tend to have a lower per-

centage of littoral zone and therefore less area avail-
able for macrophyte growth than the control ponds.

The temperature criterion of 20°C was exceeded
in all of the ponds during the summer sampling. Water
in all ponds met the temperature criterion during the
spring, and probably would meet the criterion during
the winter months when the ponds are heavily utilized
by waterfowl.

Dissolved-oxygen levels were 0.5 mg/L or less
in the water column in 21 of the 31 ponds, usually at or
near the bottom. In many of these ponds a hydrogen
sulfide odor, which indicates anaerobic conditions, was
detected when water samples were collected from the
bottom of the pond. The largest percentage of ponds
with low dissolved-oxygen concentrations in the water
column were control ponds. The smallest percentage
were Iron Post. The low dissolved-oxygen concentra-
tions occurred in the summer when few wild waterfowl
are present. Therefore, these findings are not as appli-
cable to wintering and migration habitat.

Water samples from 22 ponds meet the criteria
for alkalinity and selenium. Twenty ponds meet the
criteria in the spring. Water samples from 4 of the 31
ponds had minimum alkalinities in the epilimnion that
were less than the recommended criterion of 25 mg/L.
Two of these were from control ponds. Alkalinities of
water samples from one Croweburg pond and one
McAlester pond also exceeded the criterion of mini-
mum alkalinity. Water samples from these ponds had
alkalinities ranging from 5 to 18 mg/L (table 12). Five
Iron Post ponds exceeded the criterion for selenium of
2 pg/LL with concentrations ranging from 11 to 78 ug/L
(table 14).

Waterfowl Hablitat 27



Livestock Watering : toxic depends upon the age, sex, species, physiological
state of the animals, water intake, diet and its
The major types of livestock raised in Eastern composition, the chemical form of the element, and the

Oklahoma are milk cows, beef cattle, hogs, and chick- temperature of the water,

ens (Oklahoma Water Resources Board, 1970 and

1971). Stock watering is probably the largest use of The water-quality criteria for the protection of

strip-mine pond water in Oklahoma. The toxicity of livestock are shown in table 22. The comparison of the
any element may render a pond undesirable for stock water-quality data from the ponds to the water-quality
watering. The concentration at which an element is criteria is given in table 23.

Table 22. Water-quality criteria for the protection of livestock

[mg/L, milligrams per liter; TR, total recoverable; uS/cm, microsiemens per centimeter; NAS/NAE, National Academy of Sciences

and National Academy of Engineering]

Constituent Water-quality criteria Source
Sulfate, dissolved 2500 mg/L Ferreira, 1984
Dissolved solids 2,860 mg/L (low tolerance) McKee and Wolf,
12,900 mg/L (high tolerance) 1963
Specific conductance 3,810 mS/cm (low tolerance) See text
17,200 mS/cm (high tolerance)
Nitrate plus nitrite, dissolved 100 mg/L NAS/NAE, 1973
Nitrite, dissolved 10 mg/L NAS/NAE, 1973
Aluminum, TR 5mg/L NAS/NAE, 1973
Arsenic, TR 0.2mg/L NAS/NAE, 1973
Boron, TR 5.0mg/L NAS/NAE, 1973
Cadmium, TR .05 mg/L NAS/NAE, 1973
Chromium, TR 1.0 mg/L NAS/NAE, 1973
Copper, TR 0.5 mg/L NAS/NAE, 1973
Lead, TR 0.1 mg/L NAS/NAE, 1973
Mercury, TR 0.01 mg/L NAS/NAE, 1973
Selenium, TR .05 mg/l NAS/NAE, 1973
Zinc, TR 25 mg/L NAS/NAE, 1973

Presence of the following phytoplankton genera:

Anacystis (Microcystis)
Aphanizomenon
Nostoc

Nodularia
Gloeotrichia
Gomphosphaeria
Anabaena
Coelosphaerium

NAS/NAE, 1973; McKee and

Wolf, 1963
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Table 23. Comparison of pond-water quality to water-quality criteria for the protection of livestock

[min, minimum; max, maximum; TDS, total dissolved solids; NA, not applicable; TR, total recoverable. The fraction used is the number of ponds ex-
ceeding the criterion over the total number of ponds with data; *, TDS criterion is used instead of the specific conductance criterion; shallow samples
were collected from the epilimnion; deep samples were collected from the hypolimnion]

Pond type and locatlon of sample

Variable Control Croweburg Iron Post McAlester
Shallow Deep Shallow Deep Shallow Deep Shallow Deep
Sulfate, dissolved 0/6 0/2 0/8 077 0/8 0/5 0/9 077
TDS (low tolerance) 0/6 0r 0/8 271 1/8 1/5 0/9 177
Specific conductance */6 0/6 */8 0/8 *8 1/8 *9 1/9
(low tolerance)
TDS (high tolerance) 0/6 0/2 0/8 077 0/8 0/5 0/9 o7
Specific conductance *6 0/6 */8 0/8 *3 078 *9 0/9
(high tolerance)
Nitrate plus nitrite, 0/4 0/4 078 0/8 0/8 03 0/8 0/5
dissolved
Nitrite, dissolved 0/4 0/4 0/8 0/8 0/8 03 0/8 /5
Aluminum, TR 0/6 12 0/8 0/6 0/8 0/5 0/8 0/6
Arsenic, TR 0/6 02 078 0/6 0/8 0/5 0/8 0/6
Boron, TR 0/6 0/2 0/8 0/6 0/8 0/5 0/8 0/6
Cadmium, TR 0/6 0/2 0/8 0/6 0/8 0/5 0/8 0/6
Chromium, TR 0/6 0/2 0/8 0/6 0/8 0/5 /8 0/6
Copper, TR 0/6 012 07 0/6 0/8 0/5 /8 0/6
Lead, TR 0/6 0/2 077 0/6 7 0/5 0/8 0/6
Mercury, TR 0/5 012 0/8 077 0/8 0/5 1/9 0/7
Selenium, TR 0/6 02 0/8 0/6 1/8 0/5 0/8 0/6
Zinc, TR 0/6 012 09 0/6 0/8 0/5 o/8 0/6
Phytoplankton toxic 6/6 NA 8/8 NA 8/8 NA 8/8 NA
taxa present

Most of the ponds are well suited for livestock
watering. Water samples from eight ponds exceeded
one or more chemical criteria for the protection of live-
stock. Water samples from five of these ponds exceed-
ed the criteria in the hypolimnion only. Maximum
dissolved-solids concentrations in water samples from
the epilimnion of one Iron Post pond exceeded the cri-
terion for poultry watering of 2,860 mg/L. Maximum
dissolved-solids concentrations or corresponding spe-
cific conductances in water samples from the hypolim-
nion of five ponds formed by strip mining exceeded
this criterion. This would be pertinent only if the stock
water were pumped from the hypolimnion. The range
for dissolved-solids concentrations exceeding the crite-
rion in water samples from the hypolimnion was 2,930
to 3,760 mg/L (table 10). The dissolved solids and cor-

responding specific-conductance criteria for other live-
stock species were met by all the ponds in both the
epilimnion and hypolimnion.

Total recoverable cadmium, chromium, copper,
and zinc concentration in water samples from all the
ponds met the criteria. The lead concentration in a wa-
ter sample from the epilimnion of one Iron Post pond
exceeded the criterion of 0.1 mg/L, and the mercury
concentration in a water sample from the epilimnion of
one McAlester pond exceeded the criterion of 0.01
mg/L. The aluminum concentration in a water sample
from the hypolimnion of one control pond exceeded the
criterion of 5 mg/L.

Water samples from all the ponds had algal spe-
cies present that are considered toxic to livestock. Wa-
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Table 24. Water-quality criteria for irrigation

[mg/L, milligrams/liter; S/cm, microsiemens per centimeter; min, minimum; max, maximum; SAR, Sodium adsorption ratio; TR, total
recoverable; EPA, U.S. Environmental Protection Agency; NAS/NAE National Academy of Sciences and National Academy of Engi-

neering; OWRB, Oklahoma Water Resources Board]

Constituent Water-quallty criteria Source
pH 4.5-9.0, min-max EPA, 1986a
SAR 4 (sensitive crops) EPA, 1986a

18 (tolerant crops)
Dissolved solids 500 mg/L (sensitive crops) OWRB, 1985
1,000 mg/L (semitolerant crops)
2,000 mg/L (tolerant crops)
Specific conductance 670; 1330; 2,670 uS/cm See text
Aluminum, TR 5.0 mg/L NAS/NAE, 1973
Arsenic, TR 0.10 mg/L EPA, 1976b
Boron, TR 0.75 mg/L EPA, 1986a
(sensitive crops)
1 mg/L NAS/NAE, 1973
(semitolerant crops)
2mg/L
(tolerant crop)
Cadmium, TR 0.010 mg/L NAS/NAE, 1973
Chromium, TR 0.10 mg/L NAS/NAE, 1973
Copper, TR 0.20 mg/L NAS/NAE, 1973
Iron, TR 5.0mg/L NAS/NAE, 1973
Lead, TR 5.0 mg/L NAS/NAE, 1973
Manganese, TR 10 mg/L EPA, 1986a
Selenium, TR 0.02 mg/L NAS/NAE, 1973
Zinc, TR 2.0 mg/L NAS/NAE, 1973
ter samples from all the ponds contained the Irrigation

phytoplankton species Anacystis, in concentrations
ranging from 780 to 170,000 cells per mL (table 18). A
water sample from a control pond had the largest
concentration of Anacystis and a water sample from a
McAlester pond had the smallest concentration. Water
samples from two McAlester ponds and one
Croweburg pond had concentrations over 10,000 cells
per mL, the largest of which was 21,000 cells per mL.
Water samples from three ponds contained Anabaena
concentrations ranging from 1,200 to 17,500 cells per
mL.

When an element in solution enters the soil, it
may combine with the soil to decrease its concentra-
tion in solution and increase the content of that ele-
mentthe soil. Prolonged application of water
containing large concentrations of the element will di-
minish and eventually exhaust the capacity of the soil
to react with the element. Many soils have large capac-
ities to react with trace elements. Therefore, irrigation
water with large trace-element concentrations may be
applied to some soils for many years before a steady
state is approached. The application time depends on
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soil and plant factors and on the concentration of trace
elements in the water. The suggested maximum con-
centration for continuous use on all soils are set for
sandy soils that have low capacities to react with the el-
ement in question (National Academy of Sciences and
National Academy of Engineering, 1973). These con-
centrations are used as criteria in this report, although
some soils may have larger capacities.

Major cash crops in eastern Oklahoma are bar-
ley, corn, cotton, soybeans, peanuts, hay, sorghum, and
oats (Oklahoma Water Resources Board, 1970 and
1971). These crops are semitolerant of boron and total
dissolved-solids concentrations and tolerant of SAR,
with the exception of barley and cotton, which are tol-
erant of total dissolved solids. Strawberries, fruit trees,
and other sensitive crops are grown in eastern Oklaho-
ma, although they are not major cash crops.

The water-quality criteria for irrigation are giv-
en in table 24. The comparison of the water-quality
data from the ponds to the water-quality criteria are
given in table 25. Water from the epilimnion of 14 of
the ponds is suitable forirrigation under almost all con-
ditions. Water from the epilimnion of 20 ponds is suit-
able for irrigation of semitolerant crops, and water
from the epilimnion of 25 ponds is suitable for irriga-
tion of tolerant crops.

Measured pH'’s from all of the ponds except one
control pond were within the recommended range of
pH. Measured pH in this pond exceeded the upper limit
0f 9.0 during summer sampling, which may be because
of an algal bloom. Photosynthesis affects the amount
of oxygen and carbon dioxide dissolved in the water
which in turn affects the pH (Hem, 1985).

Only the McAlester group had ponds containing
water with SAR’s greater than the criterion. Water
samples from the epilimnion in 3 of 9 ponds exceeded
the SAR criterion of 4 for irrigation water for sensitive
plants. The SAR's ranged from 5.5 to 32. Water sam-
ples from the hypolimnion of 2 of 7 ponds exceeded
this criterion, with SAR valuesof 7.6 and 19 (table 12).
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